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SRS RMFERE T IEETR S M ER”

LTRSS, READ, HIAY, ZRRY, KHAE"

(1 AREAMIEMERE AR 3500025 2 FRHRMAE TR SRR AR 35000253 FAERARZFBREEE FRUT T, FM - 350002)

8 E. WO EN AR, BT BN BRI IR AR Bk . A AUIE | A B R 3 B R A S B RS AR .
ZEREN . RIS A REER R Z0 ~15 cm) 4% pH, MR, AWFH . 50% FREAKS 3.3, 6.6 g/kgﬁ
HUIBJG, MERE 42 etk & o G, 1T 10 g/kg BAHUIES 100%., 200% TR 840 Bt FHIN A AL + 2 3s Bttt S it &4
H 4 MR 2 AL VB R 14.61 ~ 126.03 mg/kg SRS GRS , BRI RE 7105 , it AL AR Jinss Ji)?:i(ls ~50 cm)
AR B A S AR 64% ~ 86%, TXTIBALERIN 62%. MEAAYITR)G, BEMA RS, HSMHRRIE; Mifa
TRINREAR M, XTI B E, B mTBEAIR 7.95%; MR MUIBEER IR RN 46.58%, FEEHEALH 49%; KLY
i fE R b B = R 507.4 mg, SEMELRIEL, TiAK, AVUEAIRSERE S 101 ~ 156 mg., LRG0T, MEAAYRKE,
RO S A S s MEHAK)E, PR, RS,
KR BEAL; HIERIGR BEMGA; TR SR b
FESES: S153; S1454 XHEFRERL: A

Study on Migration and Leaching of Magnesium in Soil Treated by Magnesium Fertilizer and

Additives

JIANG Yanan', ZHANG Yadong®®, YANG Wenhao™*, WU Liangquan®®, ZHANG Taoxiang'"

(1 Forestry College, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2 College of Resources and
Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 3 International Magnesium Institute, Fujian
Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: The availability and translocation leaching of Mg were studied in the lab by soil column simulating test treated with
Mg fertilizer, different amounts of biochar, organic fertilizer and lime. The results showed that applying additives increased pH
values of the fertilized soil layers (0—15 cm). Applying Mg fertilizer, biochar, 50% required lime, 3.3 g/kg and 6.6 g/kg organic
fertilizer increased significantly exchangeable Mg content in the fertilized soil layer, while applying 10 g/kg organic fertilizer,
100% and 200% required lime decreased it, and exchangeable Mg content in the topsoil layer ranged from 14.61 to 126.03 mg/kg.
Appling organic fertilizer and lime enhanced the migration ability of Mg. The content of exchangeable Mg in soil layer (15-50
cm) without fertilizer additive accounted for 64%—-86% of the total soil column, while only 62% in the control treatment. Mg
leaching with applying biochar was the highest, and it was proportional to the applied amount of biochar, while applying lime
reduced Mg leaching, which was up to 7.95% lower than CK. Applying organic fertilizer obtained the highest leaching rate
(46.58%) and the lowest fixed rate (49%) of Mg. Applying biochar got the maximum released amount of Mg (507.4 mg), which
was proportional to the applied amount of biochar. The released amount of Mg with applying lime and organic fertilizer was
101-156 mg. In conclusion, the released amount of Mg and the available Mg content in soil were the highest with applying
biochar while the leached amount and the leaching rate of Mg with applying lime were the lowest.

Key words: Magnesium fertilizer; Soil additives; Magnesium leaching; Migration and retention; Acidic soil
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PIRMY A K LFEEFRITRZ — Y2
SHOCAVE WS H = P, W PLAIE R,
75 AR P 7= R R U2 S LA, FEAR Ok
A 7E LT RS EM D, B ROk i
IN(PSER

HEPIR AR TR T 1 . P AT IR E
AR AR R B, TR 54% M EIERCA
RS AR 7 2R R R B AN SR B AE , B AR e R
] B 7 T e X, 3R B R A A AR IR
HIZKAR)Z , TR X e 5| 745, PB4 rh
Bah R K, W Akl —ahhy, ek &R
PEHIENEED IR . 256 EINAMEZIR I SCk R
B, WTUALOEP MR EIRR, H 127.7 mgkg, W
RN 79.9%, LI K PRI E N 24.2 mg/kg,
WIRN 13.6% FEEm A, BB DERT, it
AN, SRR, 3 pH FRIEY, {43
NI NN 1 A B | 1 WAl e S0 K <0104
B 7 b DX L 3t 21 358 T AR 2 RN DL O B B Ak
MES 3w ik, I T R BRIk

Al A= 7 HR S e P e R R i R A R b
BRI o AINFIAI e B 58, g m T H 4583541
fra YRR AR KM LRI, AREA K
g B R RIS 1R ) PR 4, RS I B 9 P % PH S
T, W SRR, AR ) A B A 2 T fe
T - MR FE AR TR R T 0 A LR
oS8 AA el eB o N I 9 S N a7 T G 1
Tt FHA LIS PT LA AR 398, 38 3R E W ie
R 3 AR E TR B, A7 A S R Y T Rk

Mt A B2 B R R 98 1 % B R 2801 O
WU AT L MR AL, [ i
S548, e m IR YRR SR MR ERGE T, DAL
FAEYEFERERRDE , S R 7 AL )

AT FE SR x T8 BT 9 32 B TR AR B R A )
A A BEREONE | BRACRN A0 T, (HOC TR . 1
JRAEBINGANS T BT A% 5 kR A5, H i R
WARIE o FE 7 B IX SR AL | A Bk R EL B R
PR, Ht, RIS FIRIN ek e e
i BT RFAE A4 52 W 0 T v Al A 7 T R R B R
MR BATEEE XL ASGES S N AR,
IR IR LE Y O . AHLAE | A B I B Y
W SO RS B2, IR — 2P0 5 AN RIS 0] 64
B HT R, LA R 7 IR M L e X e e R A
PP

1 MRS

1.1 iRedr At

PR - R B R A B A b, IR PR EE
T PRI B T AR M T, AR, B
o, THERRILIIL AT . HIERE TS,
iof 1 mm i . B IR B2 LR 1.
AT it ) A= 0 S5 o DA 55 Bl P TR A , SR 9%
P 500°CIREREH] 2 h §il . &, Yk
i pH N 9.47, Ffra: % 12.9 mg/g, W 40.0
mg/g, 48 13.6 mg/g, % 17.4 mg/g, 445 120.7
mg/g; FmAPUIESR &6 28 0.6 mg/g, 48
4.9 mg/g, 48 1.9 mg/g, 445 97.4 mg/g.

F1 T EERUFMR

Table 1 Basic chemical properties of the tested soil

e

pH AWLF(g/ke) WA (mg/keg) AR (mg/keg) AR (mg/kg) 3SHethEE (me/kg) 3845 (mg/kg) 38 e 4R (mg/kg)

i 451 18.41 107.92 7.47

115.75 31.87 177.84 227.08

1.2 RIgit

R E 11 DR 43 1, REmEENL A
WINFI(CK); AbER 2, WRANEEAN(CK+Mg), Mg Jifif]
TR 150 kg/hm®, BEAER-EKBREREE ; Ab#E 3 ~5 43
BIAEAL B 2 ( BE A bR i A B 2%(T1) .
5%(T2). 8%(T3)MAYI BTk ; AbFE 6 ~ 8 43I 7EALH
2 WYEERE B3 3.3 gkg(Y1). 6.6 g/kg(Y2). 10
g/kg(Y3)RT b AHLAE ; AbBE O ~ 11 43 IFEALBE 2 fy 3
fill EARIN 50%(S1). 100%(S2)F1 150% f7 K75 R &
(SIHMIA K, 100% A JK it K 38 3o Bl R 05 i s V4%
), h 1.76 g/kg, AR S A KT K B REA 12

AT, AR DABR RS AT it A . BN b B 3
WHEE IR SN AL > B 0 ~
15 cm 42 o R P AU SM RS AR 7 4 3
I . AR UR A O EE (PVC), iR
7.5 cm, 55 cm. SrUIERE AR DURIE AN 445
Rl 8, HHEAEREN 1.3 gem’, RIHT,
B PR A KT 2 65% HEIERKE, 25
C HREFE S do iRXB0R R SO, R A
B 685 ml(LISF-FIEAERE RN 1 782.5 mm M 4T 1
A 2B Tk, I 10 7k, H54E 60 d. IHVETR
FA R R BT 250 ml =M.
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I, A 6 d Bl | Rk TETR, RECHAR
Je VRV pH 586 B o IS Z5 oS, #5008 0 ~
15, 15~30, 30~50 cm +2RAE, KA 5005 115
pH 536 i
1.3 MEMERFE

ORI pH A pH THIE (K LN
2.5 1 1); AT HUTR R R AR BRIk
W5 5 - St /R T S A ALK il e s 38
R R b RIZ 4 )%, ICP-OES e ; +
AR ] S Wiy, JOGCEETHINE ;. 3
kS | 3 He PR BE A R TR B S 1
ICP-OES 7 ; +HEAg #e k4R R FH AL B sc ek,
ICP-OES WM& ; Wk vk B 2K H] ICP-OES sz,
YT AR SR 8. AR ARIR -1 A
AR, WEHHL . ICP-OES . KA T35
M AR . A7 HLAE A6 B 45 2R F Al R =
SRR #, 1CP-OES M5!,
1.4 HIERESSH

BETHR R R (Yo )= I Ah B % 790 Ao PR I 2
— X BECBE K B )/CBE I B A B+ R ) B A
H)x100;

B 1 5 28(%)=(HENE LS n ) B 5 A e — 152
o B U O B )R IR R S B R
x100;

BEREI (8= e A - e

K H Excel 2016 A5 5t 17 b B FNZ: 1A,
KH SPSS 21. 0 A% e i A 722 5 I 28 A 0 (e

/N 225 5 (LSD) ).

——CK —=— CK+Mg ——CK
—a—T1 ——T2 —a— Y1

o, 13 10

9 9r

8 8+

7 7+

6 6

25 =S

4 4F

3 3F

2 2F

1 1r

0 0

2 ARG

2.1 AEARINFIAL IR T # R R 1% pH ZT{L4FE

FHLE CK AL, WINAEY s . A HLALRILA K
B E PR SR pH, pH AR AR5 VR in 700 (4 it A
A 1), RN CK AL FEPER pH 22 LA K,
TINEENE S, WRUB pH FRE, BB EZES . RN
YR B SR IRER pH M 5 3213 8, T1 ZbBEkBE
pH AR TR IEAR T T3 LB X 2 h TR e 5
B, HOE AR T RIERR Y, RS RTE T pH.

AR A PUEA IS , WU pH 1928 fk ka3
AL Y15 Y2 /BRI AT B A 7E pH B R,
] Y2 AP T, Y1 AR HE RS R
Y3 fbFE pH ALEHERFETF Y1, Y2 &bBE, ki
PR LT A G TR, Gl TR AR RN
A% GRG0 pH A B R ME R 8.3,

A AN TRV = R R pHLe 565 3 Wik BEZ
FT, TSI IRAL B CK ARBE A K, B8 ks
553 kIS, A RN PR pH FF IR T, S2. S3
ACHRTE 24 d ) pH IAFIRCKME, 2208 T EES,
ST ACHHIMI S B EFH#a% . 3 A KA P bk pH
TNy : S2>S1>83. ML AT LIA L, ek
R AR R T B I RN T, HL R AR 58
AKX, ARICHLL 100% 1K KA (S2) %R i
U ARV T R, BRI pH!

MRAEE 1 Pk sE pH AR fL a5, domA: 4
J skt MR pH R TR K, FIR 2 A ALIE
AR, HpH EFHREE S HA A G,

—5— CK+Mg —a—CK —=— CK+Mg
——Y2 ——S1 ——S2
—=—S3

—

pH
O =N Wk O OO
—— —

6 12 18 24 30 36 42 48 54 60
HEAC S KA (d)

6 12 18 24 30 36 42 48 54 60
FERE 5 KEL (d)

6 12 18 24 30 36 42 48 54 60
HEAL 5 KA (d)

(CK, AJtift; CK+Mg, fiFHEEAL; T1~T3 J7E CK+Mg ZEill BRI REIECH 2%, 5%, 8% EWIFiHR; Y1~Y3 N CK+Mg At
EWIN 33, 6.6, 10 g/kg HHUAL; S1~S3 M7E CK+Mg £l RN 50% . 100%., 150% FsREAK; FRE)
E1 FEAEIEH R pH #%%

Fig. 1 pH curves of leachates from soil columns under different treatments

255 60 d BYMRBE , ARIEFEA R + 28 pH 224k
A 2). ML HIG, CK 5 CK+Mg 4b# 11

pH i1 4.5 DT 4.9, AHFFEHA, Wik /S 15 pH
SRS ARG, B4 pH B 34 Eh Y
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RERAVK T 20 ST 18 o 36w it P 0 o 55 38 S e, it
FH 3 ARG 3 88 s T R)ZE 0~ 15 em M)z
15 ~ 30 cm 3% pH, HAYFURS5H P 135
TR R B B FH AT 3k 30 ~ 50 em B2 4. 3 Fhigs
IFRI R, AA: 9 5 e ke R P B R AR Fcdg, VRN
ARG, T3 pH & Tk 8.51, H pH 34N
5 A 5 e (RS i R IE A G OG R o X — e T
R SR A S %W&i%ﬁﬁ%@a
T3 — 7 T AR R & A KR
ihﬁtﬁﬁﬂcﬁi Jits AR A3 v 25 4 ﬁiﬁ%ﬁ’]ihﬁf@%u
B, IR 5 pH™ i A PR B R R R R T
HEpH, Y2. Y3 ABIA R ER ST FE1E pH,
FHUAEEAT VAT 145 pH 9TIRE, i A HLAL AT LI

20,

%fﬂéﬁiﬁ@%%‘??d‘ii%%ﬁ’]ii%ibﬁ*? P R vh
B EE, AHUE S REAILR, GBS0t
%ﬁ%ﬁ%?,% 7 R CEC, 3N -+ e MR 2% vh s 122
ARG, RZ5TZE L pH BEREE 2),
ARG 2L S2 AFERN 100% A1 JK 75 >R b AR i
If. 34, A KIE AR, R e
PRI G o ARSI, it FH A R Ak BB [ R v A
Ve pH, [HR7ERIGE ], S3 AMHIER pH R
& CK AhFE,  py i B it A K A3 £ 4
HCO, 5, hndA HLER Ao i Fid RS AR
O ERAR, HEE T IR H, it AT
P 3 pH, (AR H3ERERL P R BRI L 4R
VEREVER, Hiol AR bt Rl AR i i 5 Y
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10 a 2 b 10 a a 10 . 2 a
8 c c 8 b de 8
d d d d ¢ ef d ¢
:6ff € o 6rf f f def 6fef f defde ef
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Fig. 2 pH values of various soil layers under different treatments

CK AbFEAH EE , B INEEAE I , CK+Mg 4Bk ek Mg
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FINEAE . AW TR At FE 1) H 3 b 7 T Mg,
VLA A TR S, WRVETR Mg MR T

SHY BRI £IER . AVUIEERMNE, (/MEML
Mg W) B3 T, HLS TR 2 0E e A LI A
HAR RS CK ANEARMRL, 13 d B Mg™" ¥Rk

2.2 ANEIFHMFILIE T 5 B 4SE

AT A HR X IR T B AR R i AN [] 36 3 ) [
— b R AAR B BE R ] 522 1 T 3, AN ) b 2 A
FHXT— 35, IRGERAR TR PR RFTE 400 ~ 600 ml., 5 CK
AEEEAH L, W IAEYI B . AL . AR REAN R R
BEWWREBARR, o DL T3 AbBE | Y3 AR ERRUR
NI . A7 KR REE AL L S2 Ab AR A B .

BEUEH ARSI sR) 5 4 e K B S 52 AN TA] WA B F %, 5 CK ALHEAH L, 3 A KB TR
& 3 R AR e Mg ks etk . 5 S2. S3 AbPRAEAIEINF ] . AS[AIRREE L REAR T IR
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Fig. 3 Mg concentration curves of leachates from soil columns under different treatments
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) Mg® VR, IRIGHET 54 d, S2 AbFE Mg R R
FALT CK AbH, 2 omt, Wy Mg™ ez
Wi T CK ALFE; [ 36 d, S3 4B Mg™ WEMKT
CK AbFH, Ffw5 T S2 4b3, 36 d )5, Wikl Mg*™ ¥
£ W3 T CK b,

BEE IR A HE T, 45 A BHEE i BRI O 5L B
e ke, RIS AU A R A PR b A AN [ (I
4), CK AbHE BRI iR 20.47 mg, i ABEAL)S ,
WA R 22.64 mg, BEMEAYEEMRE RN 1.62%(F 2),
NI AW Jo 3 o Bk b O i S S, HL S R I
EH, feeik Bl ik 193.66 mg, Hibk KA Y
J e N ARSI RS, S KRRy 7.46%,
TR 5.94%(F% 2). XJEB RFRMMIE EERELE
R, AW it AT R A KAy, DD
WAREL, SEM/D T H 4R Ak s W, A4
Wy 5 e HAT AR w2 1) FH B8 - 2g it X R ILAE L ELAT
WREE R i ey, FA AR FR R AR T,
T IR IR A T e R T o - U
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X — 25 55 Fi A POV RIR R T 258

Bt 25 A BILAE it FH R B4, B8 Ik O kS ik ok R
B, eiRE ATk 100.96 mg(d 4), HKAFRH
46.58%(5% 2), XA REE— T REA VLGN
Jei, BEINT Ak EEE A A, DT B A i
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B 150 ﬂj EﬂﬂFj
g = 60F = 15
= 100 40 = 10
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0
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W, BEARAE AR R

—ERARIING , ATREAREBEM R 5k e =,
ARk T AR 9.82 me(&l 4), 5 CK AFEAH L AT R
fi% 7.95% MBEMRIS, X —1HE th TRt + it
AR e 13 pH; 59—, A KSR EE
S MIIE, MK P BT P, MO
W DB IR o

PP, o TR AR T A 48 DX B T I K o
e lik 90 kg/hm?®; ZEAEETHIFTE SR oR, 1E
Ly b 21 38 T R el v, AN T it S A 38 A v 6 A 2 o
20 mg/kg, FAKH 8 mgkg, AL T2, T3 K& Y3 4k
PREE R 2 34 TR BE I i, HR itk ok i mT ik
102 mg/kg; HmflitkR &y S2 408, {h 6 mg/kg;
HAAL RS BTE 10 ~ 40 mg/kg., ZEEEEMKA R
Hikkar, 3 MARFEHET, S2 4B 100% £ K
T RN T B PR RO I 4 AW T3
Ab BB 1 IR O i v (HRE AR R R B ARl 5.94%, 4
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BERIR R S
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Fig.4 Accumulated leaching amounts of magnesium from soil columns under different treatments

&2 AR HKER(%)

Table 2 Leaching rates of magnesium of soil columns under different treatments

Qb3 CK+Mg T1 T2 T3 Y1 Y2 Y3 S1 S2 S3

N RS 1.62 7.46 7.20 5.94 4.16

32.19 46.58 3.75 -7.95 —0.42

HE: S FR B SRR LG 5 CK AT T BE %
_gaidte, WE Bz, AYLILS A K

Tl FH Ak B A B A [ 52 R, i B A B ] TG 35 22 5

[& 5 R K F HBEAER 90%((K 5). FEHE A HLIE
BRI, SBrEEREETEE 49%, HiL

YA, I, A LI B OR  BE R G o R
SR Ay S B R B R S R R A E SO BE Y
Fech, A AL EAY RO DL CK A B AR
D BENE 5 U INGR A BAY B R . AnIAl 5 R, 4%
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Fig. 5 Fixation and release of magnesium of soil columns under different treatments
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Fig. 6 Exchangeable magnesium contents in various soil layers under different treatments
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